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IMBALANCE MEASURING DEVICE AND METHOD FOR IMBALANCE 
MEASUREMENT 

The invention relates to an imbalance measuring device for rotors, with essentially one 
bearing device for static fluid bearing for a rotatable rotor, one device to change the rotary 
behaviour of the rotor, at least one measuring transducer which captures the effects of the 
imbalance of the rotor in a measuring process, one device to generate a reference signal, and 
one evaluation device for the signals which the measuring transducer supplies using the 
reference signal, and methods for imbalance measurement according to the pre-characterizing 
clauses of Claims 7 and 8. 

From EP 0 104 266 Al, an imbalance measuring device and a method by which rotors with a 
central bore hole can be balanced with high balancing quality are known. For this purpose, 
the rotor is mounted on a bearing mandrel of a balancing machine, and air which is fed 
between the rotor bore hole and mandrel bearing surfaces, which are opposite each other, is 
used as the bearing fluid. Faults caused by surface imprecisions no longer occur, because 
deviations in the shape of the rotor bore hole or bearing mandrel are integrated and a stable 
axis of rotation of the rotor is given. 

A rotor which has bearing possibilities on its outer periphery, e.g. such as are formed by the 
bearing journals of an electrical armature, can be balanced precisely with reference to these 
bearing positions. An aerostatic bearing of such a rotor has therefore not been used until now. 

However, higher demands are constantly made on the balance quality of, in particular, fast- 
running small rotors such as electrical armatures, turbine rotors, etc. An additional 
requirement is the minimisation of cycle times in the manufacturing process, particularly for 
operations associated with the balancing of rotors. 

The invention is based on the object of creating an imbalance measuring device of the type 
mentioned at the outset, and giving a method with which the balance quality, particularly of 
fast-running small rotors, is improved, at the same time shortening the required time for 
balancing. 
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According to the invention, the object is achieved with an imbalance measuring device of the 
type mentioned at the outset in that the bearing device has at least two open, fluid-supplied 
bearing shells to receive sections of the rotor periphery and at least one bearing plate which is 
assigned to a rotor end surface, rigidly supported and supplied with fluid, in that a device to 
capture the rotary behaviour of the rotor is provided, and in that the device to change the 
rotary behaviour is decoupled from the rotor during the measuring process, and the measuring 
process takes place with rotary behaviour which is constant or preferably variable over time. 
Regarding the method, the object is achieved by the features of Claims 7 and 8. 

According to the invention, in the case of the imbalance measuring device in this form, it is 
provided that the rotor is supported in both the axial direction and the radial direction in 
easily accessible fluid bearings using gas or air or a gas or air mixture, i.e. aerostatical ly, and 
additionally, the accelerating or decelerating drive is decoupled from the rotor during the 
imbalance measuring process, whereby the measuring device is executed with rotary 
behaviour which changes over time, e.g. during coasting, or rotary behaviour which is 
constant over time. The support of a rotor face in the axial direction on fluid-supplied bearing 
plate surfaces that are assigned to the rotor face results, even in the case of a horizontally 
arranged rotor axis, in a very precise bearing position of the rotor in the axial direction, since 
because of the formation of a pressure distribution in the flow, similar to that in a radial 
diffuser, fluidically the rotor bearing position is fixed against the bearing plate. The join 
between the bearing plate and its holding structure is executed with high rigidity, to avoid 
oscillation in the rotor axial direction, e.g. self-stimulated oscillation. The invention is based 
on the recognition that the desired highly precise measurement can only be achieved within a 
very short time by combining these actions. With the invention, the rotor is supported and 
measured freely of interfering forces and moments, and thus a considerably better 
measurement result is achieved than in the traditional way. 

Determining the imbalance of the rotor in the case of an inconstant measured rotational speed 
is already known from EP 0 590 169 Al, but no indications can be taken from this 
publication about supporting the and allowing it to rotate rotor in the way according to the 
invention. 
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A further version of the invention provides that the bearing shells are arranged exchangeably 
on bearing devices, and that the bearing device has a fluid supply system, which makes 
possible a fluid-proof joining of, in particular, bearing shells which are to be exchanged and 
have different fluid channels, so that an advantageous standardisation of the bearing device 
and/or a modular construction of the imbalance measuring device is given. This also applies 
to a proposal according to which it is provided that the bearing plate is arranged 
exchangeably on the bearing device or a component, which cannot oscillate, of the imbalance 
measuring device, and that the bearing device or component has a fluid supply system, which 
makes possible a fluid-proof joining of, in particular, bearing plates which are to be 
exchanged and have different fluid channels. Advantageously, a common fluid supply system 
for fluid supply to both the bearing shells and the bearing plate can be used. The bearing plate 
can be arranged on a part of the imbalance measuring device in which oscillation is induced 
by imbalance, such as the bearing stanchion or bearing bracket, or on a component which is 
not subject to oscillation induced by imbalance, e.g. the frame. 

Supporting the rotor in a defined position is significantly simplified by the arrangement of 
two bearing plates, between which the rotor is arranged with its faces. The precise fixing of 
the position of the rotor in the axial direction is done fluidically via the fluid which flows out 
on the bearing surface of a bearing plate into the space between bearing plate and face. 

Designing the device to change the rotary behaviour as a belt drive, the belt of which can be 
put on at two essentially opposite rotor positions, is also advantageous since because of it, 
during acceleration or braking of the rotor only small transverse forces act on the rotor, and 
can hardly affect the aerostatic bearing. 

The proposal to provide the belt drive with a V-shaped area with changeable included angle, 
within which the rotor is arranged, has advantages regarding space and operation to put the 
belt on the rotor or to swivel it away. For this purpose, simple fluid-operated or electrically 
operated positioning devices can be used, and their positioning movement can also easily be 
automated. 
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The invention is explained in more detail below on the basis of an embodiment, which is 
shown in the drawings. 

Fig. 1 shows an imbalance measuring device according to the invention, in schematic 
representation. 

Fig. 2 shows a side view of the imbalance measuring device according to Fig. 1 . 

Fig. 3 shows a bearing area of the imbalance measuring device, in schematic representation. 

Fig. 4 shows a belt drive to speed up or brake a rotor to be balanced. 

In Fig. 1, the imbalance measuring device according to the invention for a rotor 1 to be 
balanced is shown schematically. The imbalance measuring device has an oscillating bridge 
2, on which the rotor 1, the imbalance of which is determined and which in the shown case is 
an electrical armature, is rotatably supported in a bearing device. 

The oscillating bridge 2 is supported in the usual way via, e.g., four supporting springs 3 so 
that it can oscillate against the frame 4 of the imbalance measuring device. The rotor 1 is put 
into rotation, or braked after the measuring process, by a belt drive 5. Imbalance-induced 
oscillation of the oscillating bridge 2 is measured by at least one sensor 6 and used to 
determine the imbalance to be balanced on the rotor 1. During the measuring process, the belt 
drive 5 is decoupled from the rotor 1 . 

The bearing device is designed to support the rotor with horizontal axial direction, and has 
bearing components for two bearing positions 10, 10', which in the shown example are 
provided on the two end bearing journals of the electrical armature. To support the rotor 1 in 
the vertical direction, one open, semicylindrical bearing shell 1 1, 1 1' is provided at each end. 
The bearing shell 11, 11' has fluid channels 21, 21', which open on its semicylindrical 
bearing surfaces and are used to feed gas or air or a gas or air mixture to the aerostatic 
bearing. To support the rotor 1 in the horizontal direction, a bearing plate 12, 12' is assigned 
to each of the two end surfaces of the rotor 1. The bearing plate 12, 12' has fluid channels, 
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which open on its bearing surface and are used to feed gas or air or a gas or air mixture to the 
aerostatic bearing. 

The bearing surface of the bearing plate 12, 12' is in a form which is complementary to the 
associated end surface of the rotor 1 . In the case of a rotor end in slightly convex form, the 
bearing plate 12, 12' has a correspondingly shaped indentation; in the case of a flat end 
surface, the bearing plate 12, 12' has a flat bearing surface. The outflow openings (not 
shown) of the fluid channels in the bearing surface are arranged so that the fluid which flows 
out preferably parallel to the axial direction does not touch the area of a central bore hole 
which may be present in the rotor end. The bearing surface on the face of the rotor is 
therefore always opposite the outflow openings in the bearing surface of the bearing plate. 
Fluidically, this has the effect of fixing and binding the face of the rotor to or on the bearing 
surface of the bearing plate, and thus ensuring a precise rotor bearing position in the axial 
direction. 

The two bearing plates 12, 12' and the two bearing shells 11, 11' can be supplied by a 
common fluid supply, as is shown in Fig. 1 by the conduit sections which are shown 
symbolically and marked with F. Different conditions regarding the vertical and horizontal 
support of the rotor 1 can be taken into account fluidically by, for instance, choke points in 
the fluid channels. 

To adapt to different rotor types, both the bearing shells 1 1, 1 1' and the bearing plates 12, 12' 
are exchangeably fixed to bearers 13, 13' and 14, 14', which are arranged on the bearing 
bracket 2. The bearers 13, 13', 14, 14' have fluid conduits 20, which are in such a form that 
their openings fit together in a sealed manner with the openings of the fluid channels 21,21' 
of differently formed bearing shells 11, 11' and differently formed bearing plates 12, 12' 
respectively, as can be seen more clearly in Fig. 3. In a standard component, namely the 
bearer 13, 13' which is fixed to the bearing bracket, a fluid conduit 20 with two branches 20', 
20" is provided, which branches are assigned to two fluid channels 21, 21' in the 
semicylindrical bearing shell 11, 11' in a fluid-proof way. In a way which is not shown in 
more detail, a further standard component is formed correspondingly, as the bearer 14, 14' 
for the appropriate bearing plate 12, 12'. 



6 



To drive or brake the rotor 1, a belt drive 5 is used. In Fig. 2, an embodiment in which the 
drive belt can be put on tangentially to the rotor periphery can be seen. 

In the embodiment shown in Fig. 4, the drive belt can be put onto two approximately opposite 
surfaces of the rotor periphery, which means a more even load regarding the stress on the 
aerostatic bearing. For this purpose, the belt drive 5 has a V-shaped section 5', inside which 
the rotor 1 is arranged. The two legs of the V-shaped section 5' can be swivelled for putting 
on or removal from the rotor periphery surface. 

Instead of a belt drive 5, any other suitable drive can be used to speed up or brake the rotor 1 , 
e.g. a magnetic drive or a drive using air or even a drive which can be connected with 
positive locking. What is essential to the invention is that the drive for the measuring process 
can be decoupled, so that the rotor 1 rotates freely of disturbing forces and moments. The 
measurement can be done in the case of time-constant or time-variable rotary behaviour of 
the rotor, which makes possible the use of differently equipped measuring and evaluation 
devices possible. If the measurement is be done with time-constant rotary behaviour, the rotor 
is kept at a constant rotational speed by a drive which applies no disturbing forces and 
moments to the rotor, e.g. an air jet. 

As an alternative to support on an oscillating bridge 2, the rotor 1 can also be supported 
radially on, for instance, two axially separated bearing stanchions. The upper part of each 
bearing stanchion, where the bearing shell is, is supported via elastic elements on the frame 
of the imbalance measuring device, so that the upper part can perform imbalance-induced 
oscillations with the bearing shell. The axial support can be joined to the upper part of the 
bearing stanchion, but alternatively arranged non-resonantly on the frame of the imbalance 
measuring device. 



